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[57] ABSTRACT 
The present invention provides novel composite electri 
cally photosensitive particles. Each of said particle 
comprises a colorant and a polymeric binder compris 
ing repeating units containing one or more structures 
selected from the classes consisting of triarylarnines; 
p-aminotetraarylmethanes; 4,4'-bis(p-amino)triarylme 
thanes; l, l-bis(p-aminoaryl)isobutanes; 1, l-bis(p 
aminoaryl)cyclohexanes; N-alkyl-N,N-diarylamines; 
N,N-dialkyl-N-arylamines and heterocyclic nitrogen 
compounds having about 4 to 10 carbon atoms. 

21 Claims, 1 Drawing Figure 
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COMPOSITE ELECTRICALLY PHOTOSENSITIVE 
PARTICLES FOR ELECTROPHORETIC 
MIGRATION IMAGING PROCESS 

FIELD. OF THE INVENTION 

This invention relates to electrophoretic migration 
imaging and in particular, to certain novel composite 
electrically photosensitive particles and their use in 
migration imaging. 

BACKGROUND OF THE INVENTION 

In the past, there has been extensive description in the 
patent and other technical literature of electrophoretic 
migration imaging processes. For example, a descrip 
tion of such processes may be found in US. Pat. Nos. 
2,758,939 by Sugarman issued Aug. 14, 1956; 2,940,847, 
3,100,426, 3,140,175 and 3,143,508, all by Kaprelian; 
3,384,565, 3,384,488 and 3,615,558, all by Tulagin et a1; 
3,384,566 by Clark; and 3,383,993 by Yeh. In addition to 
the foregoing patent ‘literature directed to conventional 
photoelectrophoretic migration imaging processes, an 
other type of electrophoretic migration imaging process 
which advantageously provides for image reversal is 
described in Groner, US. Pat. No. 3,976,485 issued 
Aug. 24, 1976. 

In general, each of the foregoing electrophoretic 
migration imaging processes typically employs a layer 
of electrically photosensitive particles, positioned be 
tween two spaced electrodes, one of which may be 
‘transparent. To achieve image formation in these pro 
cesses, the electrically photosensitive particles posi 
tioned between the two spaced electrodes, as described 
above, are subjected to the in?uence of an electric ?eld 
and exposed to activating radiation. The electrically 
photosensitive particles migrate electrophoretically and 
deposit imagewise on the surface of one or the other of 
the spaced electrodes. Thus, an image pattern is formed 
on the surface of these electrodes. Typically, a negative 
image is formed on one electrode, and a positive image 
is formed on the opposite electrode. 
An essential component of any electrophoretic mi 

gration imaging process is the electrically photosensi 
tive particles. To obtain an easy-to-read, visible image it 
is important that these electrically photosensitive parti 
cles be colored, as well as electrically photosensitive. 
Research efforts to ?nd particles which possess both 
useful levels of electrical photosensitivity and which 
exhibit good colorant properties continue. 
The art discloses the use of electrically photosensitive 

particles comprising a polymer and a pigment for use in 
migration imaging processes. Many of the polymers 
disclosed for such use, however, have a deleterious 
effect on the electrically photosensitive particles in that 
the polymers insulate the particle from the electrodes 
thereby inhibiting development. For example, British 
Pat. Nos. 1,242,262 and 1,440,553 disclose the use of 
polymeric photoconductors in such particles. However, 
this art does not teach that composite particles which 
include a polymeric photoconductor have any special 
utility in improving the results of migration imaging 
processes. Indeed, only a few photoconductive poly 
mers such as polyvinylcarbazole, are disclosed in the 
art. 

SUMMARY OF THE INVENTION 

The present invention provides novel composite elec 
trically photosensitive particles. Each of said particles 
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2 
comprises a colorant and a polymeric binder which 
contains repeating units derived from at‘ least one com 
pound selected from the classes consisting of triarylam 
ines; p-aminotetraarylmethanes; 4,4’-bis(p-amino) 
triarylmethanes; l, l-bis(p-aminoaryl)isobutanes; 1,1 
bis(p-aminoaryl)cyclohexanes; N-alkyl-N,N-diaryla 
mines; N,N-dialkyl-N-arylamines and heterocyclic ni 
trogen compounds having about 4 to 10 carbon atoms. 
As will be explained hereinafter the colorant may or 

may not be electrically photosensitive. This represents a 
particularly useful’feature as it permits the use of non 
electrically photosensitive colorants as some or all of 
the colorant components contained in the composite 
particles of the invention. 

Regardless of whether or not an electrically photo 
sensitive colorant is contained in the composite particles 
of the invention, the resultant composite particles are 
electrically photosensitive. 
The phrase “electrically photosensitive particle” as 

used herein, refers to particles which, when placed 
between two electrodes, subjected to an applied electric 
?eld, and exposed to radiation to which said particles 
are sensitive, migrate to one of the two electrodes used 
in migration imaging processes. 

In general the composite particles of the present in 
vention exhibit greater photosensitivity in migration 
imaging processes than an electrically photosensitive 
colorant alone. Such particles also exhibit greater sensi 
tivities than many of the composite particle combina 
tions taught in the art. 

In - a preferred embodiment the present invention 
provides novel composite electrically photosensitive 
particles. Each of said particles comprises a colorant 
dispersed in a polymeric binder which comprises re 
peating units containing one or more structures selected 
from the group consisting of 

If; I. 
Rr-N-R; 

and 

wherein: 
R1 represents a substituted or unsubstituted aryl; 
R2 and R3, which are the same or different, represent 

carboxyalkyl, alkyl, hydroxyalkyl, styrylcarbonyl, alke 
nyl, benzyl, or substituted or unsubstituted aryl; 
R4 represents hydrogen, alkyl, vinylaryl, substituted 

or unsubstituted aryl, or a covalent bond to an adjacent 
ring carbon atom; 
Z represents suf?cient atoms to form a substituted or 

unsubstituted alkylene chain of about 4 to 10 carbon 
atoms or a substituted or unsubstituted heterocyclic 
ring selected from the group consisting of pyrazoline, 
pyrrole, imidazole, isoindole, 9,9'-bijulolidine, pheno 
thiazine, julolidine, 3,3'-bipyrazoline or piperidine. 
The substituents on the alkylene chain de?ned for Z 

-in Formula II, are selected from the group consisting of 
hydrogen, oxo, carboxy, alkyl, carbonyl, alkenyl, hy 
droxy and substituted or unsubstituted aryl. 
The substituents on aryl groups de?ned for R1, R2, 

R3 and R4 in Formulas I and II, are selected from the 
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group consisting of styrylvinyl, alkylcarboxyalkyl, hy 
droxyalkyl, alkoxy, vinyl (CH2:CH—), alkyl, alkoxy 
carbonyl, carboxyalkyl, triarylalkyl, benzoylalkenyl, 
carboxyalkenyl, 5-styryl-Z-furanyl-alkenyl, 2 
furanylalkenyl, p-(N-ethyl-N-tolylamino)-arylazo, p 
alkylarylazo, carboxy, 2-quinolinylalkenyl and 6-alkyl 
4-oxo-4(H)-2-pyranylalkenyl, arylalkanediyl, alkanetr 
iyl, cycloalkanediyl, isoalkanediyl, oxoalkenediyl, 
diarylalkylene, alkanetetrayl, arylalkanediyl, styryl, 
cyano, halo, alkylcarbonyl, oxoalkyl, isoalkyl, benzyl, 
oximidoalkyl, semicarbazonoalkyl, aryloxoalkenyl, cy 
cloalkyl, p-N,N-dialkylaminoarylazo and condensed 
aryl. 
The substituents on the heterocyclic ring de?ned for 

Z in Formula II, are the same as R4 above. 
In a more preferred embodiment the present inven 

tion provides novel composite electrically photosensi 
tive particles. Each particle comprises a colorant and a 
novel polymeric binder which comprises repeating 
units having one or more structures selected from the 
group consisting of 

R2 III. 

R1—N-R3 
and I 

IV. 

wherein: 
R1 represents a substituted or unsubstituted member 

selected from the group consisting of phenyl and naph 
thyl; 
R2 and R3, which are the same or different, represent 

methyl, ethyl, hydroxyethyl, carboxyethyl, benzyl, sub 
stituted or unsubstituted phenyl; 
R4 represents a covalent bond to an adjacent ring 

carbon atom or a substituted or unsubstituted phenyl; 
Z represents suf?cient atoms to form a substituted or 

unsubstituted alkylene bridge of about 4 to 10 carbon 
atoms or a substituted or unsubstituted heterocyclic 
ring selected from the group consisting of pyrrole, 9,9’ 
bijulolidine, phenothiazine, julolidine, and pyrazoline; 
The substituents on the phenyl or naphthyl de?ned in 

Formulas III and IV above, are selected from the group 
consisting of methyl, ethyl, isobutyl, benzyl, carboxy 
ethyl, cyclohexyl, vinyl, diphenylethyl, triphenyl 
methyl, hydroxyethyl, p-(N-ethyl-N-tolylamino) 
phenylazo, 2-quinolinylethenyl, 6-methyl-4-oxo-4(H)-2 
pyranyl-ethenyl, and methoxy. 
The substituents on the alkylene bridge de?ned for Z 

in Formula IV, are selected from the group consisting 
of oxo, carboxy, alkyl, acyl, cyano and hydroxy. 
The substituents on the heterocyclic ring defined for 

Z in Formula IV are the same as for R4 in Formula IV. 
In the foregoing de?nitions of Formulas I, II, III and 

IV, alkyl refers to hydrocarbons having about 1 to 
about 4 carbon atoms. Aryl refers to phenyl, naphthyl, 
and aromatic heterocyclic and carbocyclic groups hav 
ing about 4 to 10 carbon atoms in the aromatic ring. 

In another aspect, the present invention provides 
“selectively sensitized” electrophoretic migration imag 
ing dispersions comprising an electrically insulating 
carrier which can be a liquid, and two or more differ 
ently colored electrically photosensitive particles and 
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4 
optionally a charge control agent. At least a portion of 
the photosensitive particlesin the dispersion are com 
posite particles according to the present invention. Be 
cause the polymeric binder of the composite particles 
combines with a colorant to form electrically photosen 
sitive particles which do not signi?cantly affect the 
sensitivity of other electrically photosensitive particles 
in the dispersion having a different color, the resultant 
dispersions are referred to herein as “selectively sensi 
tized”. 

In yet another aspect the present invention provides 
an electrophoretic migration imaging process which 
comprises (a) subjecting a plurality of electrically pho 
tosensitive particles positioned between at least two 
electrodes to an applied electric ?eld and (b) exposing 
said particles to an image pattern of radiation to which 
said particles are photosensitive, thereby obtaining 
image formation on at least one of said electrodes, (c) 
the improvement wherein at least a portion of the elec 
trically photosensitive particles is a composite particle 
according to the present invention. 
The composite electrically photosensitive particles of 

the present invention are useful in forming monocolor 
(i.e., monochrome) images or multicolor (i.e., poly 
chrome) images. In accord with one preferred embodi 
ment, selectively sensitized polychrome migration im 
aging dispersions are provided. In such case, by appro 
priately choosing the binders and colorants of the com 
posite particles used in a selectively sensitized poly 
chrome migration imaging dispersion containing a mix 
ture of two or more differently colored electrically 
photosensitive composite particles, the sensitivity re 
sponse of the electrically photosensitive composite par 
ticles of each color can be optimized to provide a bal— 
anced multicolor reproduction of an original. 
FIGURE I is a schematic drawing of an apparatus for 

performing a migration imaging process using the com 
posite particles of the present invention. 

DETAILED EXPLANATION OF THE 
INVENTION 

We will now proceed to describe in detail the poly 
meric binders and colorants which are useful in forming 
the composite electrically photosensitive particles of 
the present invention. Methods of making the particles, 
dispersions of such particles and methods of using such 
particles will also be explained and exempli?ed. 
The polymeric binders are homopolymers or copoly 

mers of two or more monomers. The repeating units of 
such polymers form the backbone of the polymer and 
contain the structures of formulas I-IV above. These 
structures are an integral portion of the polymer back 
bone or are pendant from the backbone. Ideally, for the 
present purposes, the polymer should contain at least 
about 20 mole percent of one or more such repeating 
units containing the structures described hereinbefore, 
although polymers containing less than about 20 mole 
percent may also be effective depending upon the par 
ticular polymer-colorant combination. The polymeric 
binders are polyesters, polycarbonates, polyacrylates, 
or other vinyl type polymers, polyamides, polyacetals, 
polyarylamines, or arylamine-aldehyde condensation 
resins. 

Useful classes of compounds from which the repeat 
ing units of the polymeric binder may be derived in 
clude triarylamines, p-aminotetraarylmethanes, 4,4’ 
bis(N,N-disubstituted p-amino)triarylmethanes, l,l 
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bis(N,N-disubstituted p-aminoaryl)isobutanes, 1,1 
bis(N,N-disubstituted p-aminoaryl)cy,clohexanes; - N 
alkyl-N,N-diarylamines; N,N-dialkyl-N-arylamines and 
heterocyclic nitrogen compounds. Representative com 
pounds of each of these classes are set out in Table I. 
The compounds of Table I have been previously de 
scribed as photoconductors or sensitizers in US. Pat. 

Nos. 3,180,730; 3,265,496; 3,274,000; 3,291,600; 
3,526,501; 3,542,544; 3,542,547; 3,706,554; 3,767,393; 
3,820,989; 3,873,311; 3,873,312 and 4,025,341. 

TABLE I 

4,4'-dimethyl-4"-ethyl triphenylamine 
4-(di-p-tolylamino)styrene 
4,4’-bis(N-ethyl-N-2-hydroxyethylamino)-2,2'-dime 

thyltriphenylmethane 
tri-p-tolylamine 
4-ethyltriphenylamine 
4-(N-phenothiazinyl)styrene 
4-(dibenzylamino)styrene 
2,3,4,5-tetraphenylpyrrole 
2,3,4,S-tetra-p-anisylpyrrole 
2,3,5-triphenylpyrrole 
p-diphenylaminocinnamide 
4-forrnyltriphenylamine semicarbazone 
4-cyanotriphenylamine 
7-diethylamino-4-methylcoumarin 
4-N,N-bis(p-bromophenyl)aminocinnamic acid 
l-(4-diphenylamino)naphthacrylic acid 
4-(diphenylamino)styrene 
4-(di-p-anisylamino)styrene 
4,4’-bis(diethylamino)-2,2'-dimethyltriphenylmethane 
1,3,5-triphenyl-2-pyrazoline 
[3,,B-bis(4-dimethylaminophenyl)styrene 
Z-(p-dimethylaminostyryl)furan 
4-dimethylamino-2,5-distyryl furan 
1,2,3-triphenylisoindole 
l,2,4,S-tetraphenylimidazole 
4,4'-bis(diphenylamino)chalcone 
4-diphenylaminochalcone 
4-carboxytriphenylamine 
4-diphenylaminocinnamic acid 
tetrakis(4-diethylaminophenyl)- l ,4,-xylylene 
tetrakis(N-ethyl~N-benzylaminophenyD-1,4-xylylene 
4,4'-bis-(diethylamino)-l,1,1-tripheny1ethane 
4-diethylaminotetraphenylmethane 
4,4’-bis-(diethylamino)tetraphenylmethane 
4-dimethylaminotetraphenylmethane 
tetrakis(4-dimethylaminophenyl)methane 
4-diisopropylaminotetraphenylmethane 
4-dibenzylaminotetraphenylmethane 
2-methyl-4-diethylaminotetraphenylmethane 
3-methyl-4-diisopropylaminotetraphenylmethane 
4-trityl-N,N-dimethyl-a-naphthylamine 
4-trityl-N,N-diethyl-a-naphthylamine 
3,3’-bis(1,S-diphenyl-Z-pyrazoline) 
l-ethylpiperidine 
N,N-diethyl-N-(p-tolylazophenyl)amine 
p-ditolylaminohydrocinnamic acid 
N,N-diethylaniline 
l, 1-bis[4-(N-ethyl-N-hydroxyethylamino)-Z-methyl 
phenyl]isobutane 

l, l -bis[4-(N-ethyl-N-hydroxyethylamino)phenyl]cy 
clohexane 

methyl-N,N-p-ditolylaminohydrocinnamate 
4-acetyltriphenylamine 
4-hexanoyltriphenylamine 

‘ 6 

4-(p-diphenylaminophenyl)-3-buten- l -yne 
- .1,1-bis(p-ditolylaminophenyl)cyclohexane 
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N,N-dimethyl-N-p-(2-quinolinylethenyl)phenylamine 
julolidine 

N,N-diethyl-N-p-(N’-ethyl-N'-tolylamino)phenylazo 
phenylamine 

N,N-diethyl-N-(6-methyl-4-oxo-4(H)-2-pyranylethenyl 
phenyl)amine 

N,N-dimethyl-N-(6-methyl-4-oxo-4(H)-2-pyranyle 
thenylphenyl)amine 

3,3’-bis[l-(4-tolyl)-5—phenyl-2-(4H)-pyrazoline] 
4-(a-hydroxyethyl)triphenylamine ' ' 

4-hydroxymethyltriphenylamine 
4,4',4"-trimethoxytriphenylamine 
4-carbethoxytriphenylamine 
3-(p-diphenylamino)phenyl propionic acid 
methyl-3~(p-diphenylaminophenyl)propionate 
l, l-bis-(4-N,N-diethylaminophenyl)cyclohexane 
tris(4-N,N-diethylamino-2-methylphenyl)methane 
l, l-bis(4-di-p-tolylaminophenyl)-2-methylpropane 
N-vinylditolylamine 
N-vinyldiphenylamine‘ 
N-ethylditolylamine '3 

bijulolidyl 
methyl-pediphenylaminobenzoate 
p-diphenylaminocinnamoyl chloride 
3-(p-diphenylaminophenyl)42-butenoic acid 
4’,4"-dibromo-47formyltriphenylamine 
p-(N-methyl-N-phenyl)aminobenzaldehyde 
2-methoxytriphenylamine “ . 

4-acetyltriphenylamine oxime' 
N-methyl-N,N-p-isobutyldiphenylamine 
N-methyl-N,N-p-cyclopentyldiphenylamine 
N,N-p-isobutyldiphenyl-N-tolylamine 
l, l-bis(4-N,N-diethylamino12-methylphenyl)isobutane 
triphenylamine _ 

l,l-bis(4-N-methyl-N-phenylaminophenyl)isobutane 
1,l-bis(4-N-methyl-N-phenylaminophenyl)ethane; and 
1,l-bis(4-N,N-diethylamino)-2,2'-dimethyltriphenyle 

thane. . I. _ 

The compounds of Table I may be converted for 
' example to acids, alcohols, aldehydes, ketones, amines, 
etc., to facilitate conversion to polyesters, polycarbon 
ates, vinyl polymers, polyamides, etc. Organic reactions 
which are useful in this regard are disclosed, for exam 
ple, in US. Pat. Nos. 3,567,450; 3,658,520 and 3,767,393. 
Useful reaction schemes such as aldol condensation; 
Friedel-Crafts acylation; Reppe vinylation of nitrogen, 
oxygen or sulfur compounds; Ulmann phenylanthranilic 
acid synthesis; Vilsmeier formylation and Wittig reac 
tion are disclosed in Organic Name Reactions by Helmut 
Krauch and Werner Kunz, 2nd Ed., (1964), published 
by J. Wiley Co. 

Polymerization of the Table I materials which have 
been converted as described above can be carried out 
according to well known methods such as described in 
Preparation Methods of Polymer Chemistry by Sorenson 
and Campbell, 2nd Ed., 1968 published by Interscience 
Co. Best results are obtained with polymers which are 
insoluble in carrier liquids used to form electrophoretic 
migration imaging dispersions. Accordingly, the useful 
molecular weight of the useful polymers will vary de 
pending upon the particular carrier liquid chosen. 

Representative polymers having repeating units de 
rived from Table I materials are listed in Table II. In the 
following tables, the symbol Me represents CH3 and Et 
represents C2H5. 
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TABLE II-continued 
34. a-N-methylanilino-‘l-phenyl-m-N-methylanilino 

a-methylbenzyl poly[ethylidenephenyl-4(N-methyl 
amino- 1 ,4—phenylene)] 

CH3 CH3 

(‘1H3 CH3 CH3 

(IIH lCH 

. Poly[l,l-bis(4-[N-ethyl-N~ethyleneamino]phenyl) 
cyclohexylidene carbonate] 

Et 

Poly[1,l-bis(4—[N-ethyl-N-ethyleneamino-Z 
methyl]phenyl)-2-phenylethane carbonate] 

36, 

CH3 

A wide variety of colorants will be useful in combin 
ing with the described polymeric binders to form the 
electrically photosensitive particles of the present in 
vention. Useful colorants may or may not be electrically 
photosensitive. In some of the binder-colorant combina 
tions of this invention, the colorant by itself is not elec 
trically photosensitive. However when such colorants 
are combined with the binder described herein, a com 
posite particle which is electrically photosensitive re 
sults. Accordingly, the binder-colorant combinations of 
the composite particles of the present invention become 
electrically photosensitive even when the colorants are 
not. 

A partial listing of representative electrically photo 
sensitive colorants include the following materials dis 
closed in the indicated volumes of Research Disclosure. 
Each of the enumerated Research Disclosures (1 through 
10) are expressly incorporated herein by reference. 

(1) Aromatic vinyl (including bis vinyl) condensed 
heterocyclic nitrogen colorants described in Research 
Disclosure Item 15028, page 39, Volume 150, October, 
1976. 

45 

60 

65 
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-continued 

/ ’ _(A) \ 

\ 
I 

C=C N 

1&4 1'15 1'12 
R] 

n 

wherein: 
n represents 0 or 1; 
m represents the integer 1 or 2; 
Ar represents a substituted or unsubstituted, carbocy 

clic or heterocyclic aromatic ring group, free from any 
saturated'N-heterocyclic ring group fused thereto, and 
preferably having 6 to about 20 ring atoms in the aro 
matic ring, e. g., phenyl, naphthyl, anthryl, etc; 
A represents a substituted or unsubstituted alkylene 

group having 2 to about 5 carbon atoms in the alkylene 
chain; 

each of R1 and R2, when taken together, represent a 
substituted or unsubstituted alkylene group containing 2 
to about 5 carbon atoms in the alkylene chain; 

each of R1, R4, R5 and R6, when taken alone, repre 
sent hydrogen, nitro, cyano, a halogen such as ?uorine, 
chlorine, bromine or idoine, an alkoxy having I- to about 
8 carbon atoms, a substituted or unsubstituted alkyl 
having 1 to about 8 carbon atoms in the alkyl group, a 
substituted or unsubstituted phenyl group, a carboxy 
ester having 1 to about 4 carbon atoms, an amide having 
the formula —CONR27 wherein R7 represents hydro 
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gen or a substituted or unsubstituted alkyl or a substi 
tuted or unsubstituted aryl as de?ned immediately here 
inabove; and 

R2, when taken alone, represents hydrogen, a substi 
tuted or unsubstituted alkyl having 1 to about 8 carbon 
atoms in the alkyl group thereof, substituted or unsub 
stituted carbocyclic or heterocyclic aromatic ring 
group having 6 to about 20 carbon ring atoms. 
Compounds 30 through 32 of Table III are examples 

of the compound of general formula V. 
(2) Aromatic vinyl (including his vinyls) arylamines 

or N-containing heterocyclics described in Research 
Disclosure Item 15029, page 51, Volume 150, October, 
1976. 

n represents 0 or 1; 
m represents the integer 1 or 2; 
Ar represents a substituted or unsubstituted carbocy 

clic or heterocyclic aromatic ring group, preferably 
having 6 to about 20 ring atoms in the aromatic ring, 
e.g., phenyl, naphthyl, anthryl, etc; 
Z represents the nonmetallic atoms necessary to com 

plete a carbocyclic or heterocyclic aromatic ring group, 
preferably having 5 to about 14 ring atoms in the aro 
matic ring, e.g., phenyl, anthryl, carbazole, pyrrole, etc; 

each of R1, R2, R3, R4 and R5, which arethe same or 
different, when taken alone, represents hydrogen, nitro, 
cyano, a halogen such as fluorine, chlorine, bromine or 
iodine, an alkoxy preferably having 1 to about 8 carbon 
atoms, a substituted or unsubstituted alkyl having 1 to 
about 8 carbon atoms in the alkyl group, a substituted or 
unsubstituted carbocyclic or heterocyclic aromatic ring 
group having 5 to about 14 carbon atoms in the aro 
matic ring, e.g., benzisoxazole, a carboxy ester having 1 
to about 4 carbon atoms, an amide having the formula 
—CONR26 wherein R6 represents hydrogen or a substi 
tuted or unsubstituted aromatic ring group or a substi 
tuted or unsubstituted alkyl as de?ned immediately 
hereinabove, an amino, preferably saturated heterocy 
clic amino groups containing 5 to about 8 ring atoms 
such as pyrrolidinyl, piperidino, morpholino, etc, dial 
kylamino, diarylamino, dialkarylamino such as 
ditolylamino, or diaralkylamino such as dibenzylamino 
wherein the alkyl group contained in such amino is 
preferably a lower alkyl having 1 to about 8 carbon 
atoms and the aryl group contained in such amino is, for 
example, phenyl, naphthyl, etc; and 

each of R‘, R2 and R3, when taken together, is free 
from any saturated N-heterocyclic ring group fused to 
the aromatic ring group formed by Z. 
A variety of different substituents can be present in 

the above-de?ned formula in the case where Ar repre 
sents a substituted aromatic group. In general, the sub 
stituents on Ar can be selected from the same class of 
substituent groups defined above for R1, R2, R3, R4 and 
R5. 
Compounds 33 through 35 of Table III are examples 

of formula VI materials. 
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24 
(3) Merocyanines including bis-merocyanines, ben 

zylidenes including bis-benzylidines, or mixed 
merocyaninebenzylidene colorants havng a pyran, thio 
pyran, selenopyran, or 1,4-dihydroxy pyridine nucleus. 
U.S. Pat. No. 4,145,215, granted Mar. 20, 1979 to Va 
nAllan et al. Research Disclosure Item 16247, page 126, 
Volume 162, October, 1977. 

G1 G2 vn. 

R2 

wherein: 
G1 and G2, which are the same or different, represent 

(1) an electron withdrawing group such as cyano, acyl, 
alkoxycarbonyl, nitroaryl, alkylsulfonyl, arylsulfonyl, 
?uorosulfonyl, and nitro, or (2) when taken together 
with the carbon atom to which they are attached, G1 
and G2 represent the nonmetallic atoms needed to com 
plete a substituted or unsubstituted acidic cyclic nucleus 
of the type used in merocyanine dyes such as indan-1,3 
dione; cyclohexane-1,3-dione; 5,5-dimethylcyclohex 
ane-1,3-dione; and l,3-dioxan-4,6-dione, etc, or (3) an 
acidic heterocyclic nucleus containing from 5 to 6 
atoms in the heterocyclic ring; 
X may be 0, S, Se or NR in which R represents a 

substituted or unsubstituted alkyl, aryl, aralkyl, cycloal 
kyl, alkenyl or alkynyl, and said substituents are se 
lected from the group consisting of hydroxy, alkoxy, 
aryloxy or halogen; 
R1 and R2, which are the same or different, represent 

alkyl, aryl, --CL1(:CL2—CL3),,,:A1, —CL4:CL 
5(—CL6:CL7),,— A2 or R1, together with R4, or R2, 
together with R3, represent sufficient atoms to complete 
an alkylene bridge; 
A2 is the same as A1 and, in addition, represent a 

substituted or unsubstituted aryl group (e.g., phenyl, 
naphthyl, anthryl), or a substituted or unsubstituted 
heterocyclic nucleus such as thiophene, benzo[b]thio 
phene, naphtho[2,3-b]thiophene, furan, isobenzofuran, 
chromene, pyran, xanthene, pyrrole, ZH-pyrrole, pyr 
azole, indolizine, indoline, indole, indazole, carbazole, 
pyrimidine, isothiazole, isoxazole, furazan, chroman, 
isochroman, 1,2,3,4-tetrahydroquinoline, 4H-pyr 
ro1e[3,2,1-ij]quinoline, 1,2-dihydro-4H-pyrrolo[3,2,1 
ij]quinoline; l,2,5,6-tetrahydro-4H-pyrrolo[3,2, l - 
ij]quinoline; lH,5H-benzo[ij]quinolizine; 2,3-dihydro 
1H,5H-benzo[ij]quinolizine; 2,3-dihydro-1H,5H-ben 
zo[ij]quinolizine and 2,3,6,7-tetrahydro-1H,5H-ben 
zo[ij]quinolizine, 10,1 1-dihydro-9H-benzo[a]xanthene 
6,7-dihydro-5H-benzo[b]pyran; 
R3 represents hydrogen or R3, together with R2, L1 

or L4 and the carbon atoms to which they are attached, 
represent a 5- or 6-membered carbocyclic ring; 
R4 is the same as R3 when taken alone or together 

with R1, L1 or L4; 
in and n are 0, l or 2; 
L1, L2, L3, L4, L5, L6 and L7 represent hydrogen, 

alkyl and aryl; L1 or L4, together with either R3 or R4, 
represent the atoms needed to complete a carbocyclic 
ring; and 
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A1 represents a basic substituted or unsubstituted 

heterocyclic nucleus of the type used in cyanine dyes. , 

Colorants 36 through 40 of Table III are examples of 

formula VII materials. 

(4) Merocyanines or benzylidine colorants containing 

an isoxozolone nucleus described in Research Disclosure 

Item 16259, page 61, Volume 162, October, 1977. 

0 VIII. 

l_. l: 2__ 3 A CL( CL CL)M O and 

N 

R 

0 IX. 

, 2: 4-. 5: 6- 7 A CL CL( CL CL‘)N O 

N/ 
R 

wherein: 

M and N represent 0, 1 or 2; 

_ L1 through L7 represents hydrogen, alkyl, aralkyl, 

aryl, and in addition any two of L‘, L2 and L3 and any 

two of L4, L5, L6 and L7 can together represent the 

elements needed to complete a carbocyclic ring; 

R represents alkyl, aryl, hydrogen, etc; I 

A1 is the same as A2 and, in addition, represents an 

aryl group (e.g., phenyl, naphthyl, anthryl) or a substi 
tuted or unsubstituted heterocyclic nucleus such as 

thiophene, benzo[b]thiophene, naptho[2,3-b]thiophene, 
furan, isobenzofuran, chromene, pyran, xanthene, pyr 
role, ZI-I-pyrrole, pyrazole, indolizine, indoline, indole, 
indazole, carbazole, pyrimidine, isothiazole, isoxazole, 

l,2,3,4-tetrahy 
droquinoline, 4H-pyrrolo[3,2,1-ij]quinoline, 1,2-dihy 
dro-4H-pyrrolo[3,2,1-ij]quinoline; 1,2,5,6-tetrahydro 
4H-pyrrolo[3,2,1-ij]quin01ine; lH,5H-benzo[ij]quinoli 
zine; 2,3-dihydro-1H,5H-benzoi[ij]quinolizine; 2,3-dihy 
dro-1H,5H-benzo[ij]quinolizine ‘and 2,3,6,7-tetrahydro 

10,1 l-dihydro-9H-ben 
zo[a]xanthene; 6,7-dihydro-5H-benzo[b]pyran; and 
A2 represents a basic substituted or unsubstituted 

furazan, chroman, isochroman, 

heterocyclic nucleus of the type used in cyanine dyes. 
Colorants 41 through 44 are examples of formulas 

VIII and IX materials. ‘ ' 

(5) Merocyanine or benzylidene colorants containing 
malononitrile or cyanomethylene substituents described 

in Research Disclosure Item ‘1 6257, page 75, Volume 162, 

October, 1977. ' 

15 

20 

25 

35 

B1 and B2 represent any of a wide variety of electro 

negative groups such as cyano, carboxy, alkoxy, car 
bonyl, aryloxycarbonyl, alkylsulfonyl, acyl, arylcarbo 
nyl, heteroyl groups such as benzofuroyl, nitro, nitro 
substituted aryl, sulfonyl, fluorosulfonyl, trifluorometh 
ylsulfonyl, carbamoyl, arylcarbamoyl, alkylcarbamoyl, 
etc; and 

A1, A2, L1 through L7, M and N are substantially the 
same as for formulas VIII and ‘IX. 

Compounds 45 through 47 of Table III are examples 
of formulas X and XI.materials. 

(6) Merocyanine or benzylidene colorants containing 
a barbituric or thiobarbituric acid nucleus described in 

Research Disclosure Item 16323, page 19, Volume 163, 
November, 1977. 

wherein: 

M and N are 0,1, 2 or 3; 

R1 and‘ R2 are the same or different and each may 

represent a hydrogen,‘alkyl or aryl group; 
Y represents 0 or S; 

L1, L2, L3, L4 and L5 represent hydrogen, alkyl or 
aryl, and in addition either L1 and L2 or any two of L3, 
L4 and L5 together represent the elements needed to 

complete a carbocyclic ring, and 
Al and A2 are substantially as de?ned for formulas 

VII, VIII and IX. 

Colorants 48 through 50 of Table III are examples of 
formulas XII and XIII. 

(7) Allopolar colorants described in Research Disclo 
sure Item 16324, page 33, Volume 163, November, 1977. 

XII. 

XIII. 
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Y represent N or a methine‘ carbon C—-—G1; 
' G1 and G2 are the ‘same or different and each is H, 
alkyl, oraryl or taken together complete a?carbocyclic 
rmg; . 

Z1 and Z2 are the same or different and, each’ repre-' 
sents the nonmetallic atoms necessary to complete a 
basic heterocyclic nucleus of the type used in cyanine 
dyes containing 5 to 14 atoms in the 'heterocyclic ring; 
A1 and A2, which are the same or different, and each 

may represent alkyl, ‘aryl, carboxy,‘ alkoxycarbonyl, 
cyano, nitro, etc, or together may complete an acidic 
nucleus of the type used in merocyanine dyes ,such as an 
indandione nucleus: (e.g., v 1,3-diketohydrindene, 
pyrazolinone, isoxa'zolone, oxindole, ‘2,4,6-trikétohex 
ahydropyrimidine, rhodanine, 2(3H)-_imidazopyridone, 
2-thio-2,4-oxazolidinedione, 2-thio-2,S-thiazolidined 
ione, 2,4-thiazolidenedione, thiazolidinone, 2-imino-2,4 
oxazolinone, 2,4-imidazolidinedione, 2-thio-2,4 
irnidazolidine, S-imidazolinone, pyrazolidindione, 5 
anthrone, l,3-dioxan-4,6-dione, isoxazolinone, pyr 
rolo[l,2-]pyrimidin-2,¢-dione, indolinone, l"indolinth 
ione, and 1,3-isoquinolinedione; , 
R1 and R2 are the same or different and each may 

represent H, alkyl, aralkyl or aryl; "’ 
' R3 and R4 represent hydrogen, alkyl, aryl, cyano or, 
taken together, represent a 5- to 6-member carbocyclic 
rlng; 
m and n are the same or different‘ and may be 0 or 1; 

and ' , ' 

p, q and r are the same or different and may be 0, 1 or 
2. . 

Colorants 51 through 54 of Table III are examples of 
formula XIV materials. _ 

(8) Aryl substituted vinyl colorants, including arylene 
substituted bisvinyl, dibenzothienyl substituted vinyl 
and dibenzothien-diyl substituted -‘ bisvinyl colorants 
described in Research Disclosure Item ‘16626, page 29, 
Volume 166, February, 1978.‘ ' _' 

' xv. 
R1 v 

A , Hc=e _ 
.R2 n I 

wherein: 
n equals 1 or 2; '. 
A represents phenylene, naphthylene, anthracenyl, 

anthracenediyl, and dibenzothiendiyl; . - = _ 

R1 and R2, which are the ‘same or different,,,when 
taken alone, represent hydrogen, cyano, alkylsulfonyl, 
alkylcarbonyl and arylcarbamoyl, cyanoaryl,j and’aryl 
carbonyl; 

40' 

45 

55 

60 

65: 

atoms to form‘ substituted and unsubstituted radicals 
selected from the group“ consisting of furanylidene, 
fluorenylidene, pyrimidinylidene, thiazolidinylidene, 
pyrrolinyl, and indenyl, isoxazolinylidene, pyrazolinyli 
dene, indanylidene‘and dithiolyl, wherein said substitu 
ents are selected from the group consisting of hydrogen, 
cyano, aryl, oxo, thioxo, nitro,yalkyl, nitroaryl, carbam 
oyl, and cyanoalkyl, except that when: 

(a) A represents anthracene nucleus; 
(i) R1 and R2, when taken together, represent 1,3,5 

trihydro-2,4,6-trioxo-pyrimidin-S-ylidene; 3-cyano-4 
phenyl-Z-oxo-pyrrolin-S-ylidene; or 3-carboxy-inden-l 
ylidene; or ' 

(ii) taken alone, R1 represents cya'no and R2 repre 
sents methylsulfonyl,‘,ethoxycarbonyl,_ or phenylcar 
bamoyl, then n represents 2,'or 

(b) 1A represents 'phenylene and 'R1 and R2,"taken 
to‘gether, represent 4,5-dicyano-l,3-dithiol-2;ylidene;' 
then n represents :2'; or V _ 

(c) R1 is hydrogen, R2 must be other than hydrogen. 
Colorants 55 through 66 of Table IIFare examplesof 

formula XV materials. , 
’ (9) Cyclobutenylium colorantsldescribed in Research 

Disblosure Item 17320, page 231',"Volu'me ‘173, Septem2 

'Rlancl R1 are the same or different, represent a mono 
valent or divalent substitutedor'unsubstituted 5- to 
l-3-mer'nber heterocyclic'" nucleus, or substituted-or un 
substituted 5- to lQ-member saturated oruunsaturated 
carbocyclic nucleus, and said hetero atom isuselected 
from the group ‘consistin'gof O and N; ‘ i ' ' " 

R3 represents‘H, alkyl, aryl, or cyano and'carboxy 
esters; ,, , 

m represents 0 or 1; _ _ 
n represents 0, l, 2 or 3; and ‘ 
said substituted R1> and R2- substituents are selected 

from the group consisting of alkyl, hyd‘roxy, phenyl, 
oxo, benzyl, carbamoyl, acetamido, nitro, piperidinyl, 
chloro, substituted amino, :e'Lg.-, alkylar‘ninodor-hydr'o'x 
yalkylamino and hydrogen. Crystalline materials hav~ 
ing one of these structures show high photosensitivity‘ 
in migration imaging processes. Yellow,‘ magenta or 
cyan materials can be formed in the dissolved state in a 

t i z 
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polymeric receiver by the appropriate choice of R1 and 
R2, as well as the substituents for R1 and‘ R2. 7 ' ' 

Colorants 67 through 69 of Table III are‘ examples of 
formula XVI materials. 

(10) Merocyanine or benzylidene having a quino 
linedione or isoquinolinedione nucleus described in 
Research Disclosure Item 17645, page 64, Volume 176, 
December, 1978. 

XVIII 

wherein: _ 

R represents any one of a wide variety of basic heter 
ocyclic nuclei such as de?ned for Al below and also 
represents groups such as hydrogen, substituted or un 
substituted alkyl, aryl, aralkyl,‘ ureido, thioureido, hy 
droxy, anilino, amidino,v etc. (said substituents are 
groups such as alkoxy, aryloxy, hydroxy, carboxy, cy 
ano, halogens, alkoxycarbonyl, etc); 
G represents 0 or S; I . . 

L1, L2, L3, L4 and L5 each represent hydrogen, alkyl 
or aryl; 
M represents 0, l, 2 or 3; 
N represents 0 or 1; and 
Al represents a nitrogen-substituted basic heterocy 

clic nucleus of the type used in cyanine dyes. 
Colorants 70 through 72 of Table III are examples of 

formulas XVII and XVIII materials. 
Representative basic heterocyclic nucleus which are 

useful in forming the colorants of formulas VII, VIII, 
IX, X, XI, XVII and XVIII include: 

(a) imidazole, such as 4-phenylimidazole; 
(b) 3H-indole nucleus such as BH-indole, 3,3v-dimeth 

yl-3H-indole, 3,3,5-trimethyl-3H-indole; 
(c) a thiazole nucleus such as thiazole, 4-methyl 

thiazole, 4-phenylthiazole, S-methylthiazole, 5-phenyl 
thiazole, 4,5-dimethylthiazole, 4,5-diphenylthiazole, 
and 4-(2-thienyl)thiazole; 

(d) a benzothiazole nucleus such as benzothiazole, 
5-aminobenzothiazole, 4-chlorobenzothiazole, 5 
chlorobenzothiazole, 6-chlorobenzothiazole, 7 
chlorobenzothiazole, 5-cyanobenzothiazole, 4-methyl 
benzothiazole, S-methylbenzothiazole, 6-methylbenzo 
thiazole, S-bromobenzothiazole, 6-bromobenzothiazole, 
4-phenylbenzothiazole, S-phenylbenzothiazole, 4 
methoxybenzothiazole, S-methoxybenzothiazole, 6 
methoxybenzothiazole, 5-iodobenzothiazole, 6 
iodobenzothiazole, 4-ethoxybenzothiazole, 5-ethox 
ybenzothiazole, tetrahydrobenzothiazole, 5,6-dime 
thoxybenzothiazole, 5,6-methylenedioxybenzothiazole, 
S-hydroxybenzothiazole, and 6-hydroxybenzothiazole; 

(e) a naphthothiazole nucleus such as naphtho[l,2 
d]thiazole, naphtho[2, l-d]thiazole, naphtho[2,3 
d]thiazole, 5-methoxynaphtho[2,1-d]thiazole, S-ethox 
ynaphtho[2, l -d]thiazole, 8-methoxynaphtho[l ,2 
d]thiazole, 7-methoxynaphtho[l,2-d]thiazole, and 4,5 
dihydronaphtho[l,2-d]thiazole; 
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30 
(f) a thianaphtheno[7,6-d]thiazole nucleus such as 

4-methoxythianaphtheno[7,6-d]thiazole; 
(g) an oxazole nucleus such as 4-methyloxazole, 5 

methyloxazole, 4-phenyloxazole, 4,5-diphenyloxazole, 
4-ethyloxazole, 4,5-dimethyloxazole, and S-phenylox 
azole; 

(h) a benzoxazole nucleus such as benzoxazole, 5 
chlorobenzoxazole, 5i-methylbenzoxazole, S-phenylben 
zoxazole, 6-methylbenzoxaz0le, 5,6-dimethylbenzox 
azole, 4,6-dimethylbenzoxazole, S-methoxybenzox 
azole, S-ethoxybenzoxazole, 6-chlorobenz0xazole, 6 
methoxybenzoxazole, S-hydroxybenzoxazole, and 6 
hydroxybenzoxazole; 

(i) a naphthoxazole nucleus such as naphth[l,2-d]ox 
azole, naphth[2, l-d]oxazole, and naphth[2,3-d]oxazole; 

(j) a selenazole nucleus such as 4-methylselenaz0le 
and 4-phenylselenazole; 

(k) a benzoselenazole nucleus such as benzoselenaz 

ole, 5-chlorobenzoselenazole, S-methoxyben 
zoselenazole, 5-hydroxybenzoselenazole, and tetrahy 
drobenzoselenazole; ~ 

(I) a naphthoselenazole nucleus such as naphtho[l,2 
d]selenazole, naphtho[2, l-d]selenazole; 

(m) a thiazoline nucleus such as thiazoline and 4 
methylthiazoline; 

(n) a Z-quinoline nucleus such as quinoline, 3-methyl 
quinoline, S-methylquinoline, 7-methylquinoline, 8 
methylquinoline, 6-chloroquinoline, 8-chloroquinoline, 
6-methoxyquinoline, 6-ethoxyquinoline, 6-hydrox 
yquinoline, and 8-hydroxyquinoline; 

(o) a 4-quinoline nucleus such as quinoline, 6-methox 
yquinoline, 7-methylquinoline and 8-rnethylquinoline; 

(p) a l-isoquinoline nucleus such as isoquinoline and 
3,4-dihydroisoquinoline; 

(q) a benzimidazole nucleus such as l-ethylben 
zimidazole and l-phenylbenzimidazole; 

(r) a 2-pyridine nucleus such as pyridine and 5 
methylpyridine; and 

(s) a 4-pyridine nucleus. 
Particularly useful colorants are copper phthalocya 

nine, zinc phthalocyanine, phthalocyanines, methyl 
quinacridone, dimethyl quinacridone, mixed quinacri 
dones, quinacridones, epindolidiones, naphthyljuloli 
dine, pyrylium, thiopyrylium, acridinium, triarylmeth 
ane dyes,-methine dyes, styryl dyes, pyridinium, rhoda 
mine salts, merocyanines and cyanine materials. Repre 
sentative colorants are described in following Table III. 
In Table III, Me represents CH3 and Et represents 
C2H5. 

TABLE III 

Colorants 

O 
9 C1046 
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TABLE III-continued TABLE III-‘continued 
Colorants Colorants 
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